Introduction
Neonatal intraventricular hemorrhage has emerged äs one of the most important and frequently encountered lesions in the central nervous System of the prematurely born infant [1] . Intraventricular hemorrhage is known to contribute significantly to neonatal mortality and morbidity. However, information regarding its effects on the long-term outcome of survivors is limited. This report describes the early neurodevelopmental Status of twenty-eight low birth weight infants surviving symptomatic neonatal intraventricular hemorrhage documented by computerized tomography and relates outcome to gestational age and grade of hemorrhage based on severity and location [2] . During the study period, thirty-five premature infants weighing less than 2,000 grams surviving IVH confirmed by CT scan were cared for in the NICU. Of the thirty-five, two were excluded from this study because of concomitant congenital infections (rubella, Listeria), three (one severely handicapped) were lost to follow-up after six months because of family relocation and two were not seen following nursery discharge. The remaining twenty-eight children (85% of those eligible) constitute the study group who enrolled for longitudinal follow-up in the Leopold Meyer Center for Developmental Pediatrics, Texas Children's Hospital. The TCH nursery is a regional referral Level III unit and only three of the study patients were inborn. APGAR scores ranged from l to 8 (median 5) at one minute and 4 to 9 (median 6) at five minutes. All infants were initially referred to the NICU for management of respiratory distress. All but one (Patient No. 3) required mechanical Ventilation. The mean gestational age for the group was 28.9 weeks (ränge 25 to 35 weeks) and mean birth weight was 1,179 grams (ränge 700 to 1,930 grams). Seventeen infants were male and eleven were female. Paternal social class (HOLLINGS-HEAD'S classification) [3] was distributed äs follows: 27% -Class II, 31% -Class III, and 42% -Class IV. The postnatal age at which intraventricular hemorrhage was clinically suspected ranged from one to ten days. The mean age when computerized tomography was performed to confirm the hemorrhage was six days; all but one infant (Patient No. 17) was scanned at least once during the first fourteen days of life. The extent of hemorrhage on CT scan was graded using the system of PAPBLE et al. [2] : Grade I -supependymal hemorrhage, Grade IIintraventricular hemorrhage without ventricular dilatation, Grade III -intraventricular hemorrhage with ventricular dilatation, and Grade IV -intraventricular hemorrhage with parenchymal hemorrhage.
Methods
The follow-up consisted of neurologic and developmental assessments done at the ages of three, six, nine, eighteen, and thirty months by a multidisciplinary team. This report describes the findings noted at the patients 7 visits between thirteen and thirty-four months Chronologie age (mean 19.7 months). The outcome categorizations (normal, suspect, abnormal) assigned after these assessments were based on neurologic and developmental functioning. Neurologic fmdings classified äs suspect included mild disturbances of muscle tone, coordination or motor development, delayed language skills, short attention span or increased motor activity [4, 5] . Neurologic findings categorized äs abnormal were blindness, hearing loss, hydrocephalus, cerebral palsy and seizure disorder. Developmental performance was assessed utilizing the GESELL Developmental Schedules [6] for infants under eighteen months corrected age or the BAYLEY Scales of Infant Development [7] for older infants. (Two children were assessed by other measures. See Tab. I.) The GESELL Adaptive Developmental Quotient (DQ) was scaled äs follows: 1) normal, > 85,2) suspect, 75 to 84, or 3) abnormal, < 74. The BAYLEY Mental Index (MDI) was ranked äs follows: 1) normal, > 84.2) suspect, 68 to 83, and 3) abnormal, < 67. A child considered "normal" had a normal neurologic examination äs well äs a normal developmental assessment for corrected age. The term "multihandicap" indicates the child had both significant developmental delay and abnormal neurologic findings.
Results

Neurologic and developmental Status
Individual clinical findings are summarized in Tab. I. Cerebral palsy was noted in nine infants (32%). Seven of these had quadriparesis, one had diplegia, and one had hemiparesis correlating with an area of porencephaly. The occurrence of microcephaly in a patient with earlier, shunted post-hemorrhagic hydrocephalus is illustrated by the head circumference curve of Patient No. 22 (Fig. 1) . Three of the eight with hydrocephalus had no other major neurologic or developmental abnormalities, and a fourth had a generalized seizure disorder but normal development. The remaining four infants with hydrocephalus were multihandicapped. Three of these developed infantile spasms beginning at five, eight and nine months Chronologie age. Neurosensory deficits included blindness secondary to cicatricial retinopathy of prematurity in four infants and hearing loss in two. (One infant was both deaf and blind.) Seventeen patients (61%) had developmental quotients within the normal ränge and two (7%) in the suspect ränge. Nine (32%) showed delayed development; eight of these were multihandicapped.
On the basis of both neurologic examination and developmental testing, five infants were considered normal and eight suspect (Tab. II). Fifteen infants were abnormal; eight of these were multihandicapped.
Social and economic impact
The stresses experienced by the families during the followup period were intense and cumulative. They appeared related to many factors, i.e. the early birth, the prolonged nursery stay (mean 74 days, ränge 42-141), the many medical problems following nursery discharge and the high costs of nursery hospitalization (initial costs ranging from $ 25-125,000). Subsequent rehospitalizations were not uncommon -to date sixteen of the twenty-eight infants have required thirty-three rehospitalizations. The impact of these survivors on the Community may be illustrated by the referral during infancy of thirty-six percent (ten of twenty-eight) of the study population to Intervention programs in Community agencies. These infants will also qualify for special education in public school at age three in accordance with Public Law 94-142 (Education for All Handicapped Children's Act) [8] .
Clinical correlations
In this study, two flndings were signiflcant. First, the incidence of abnormal outcome was significantly higher among infants with Grade III or IV hemorrhage (79%) than among infants with Grade I or II hemorrhage (29%) (X 2 with Yates correction = 5.166; .01 <P < .025). Second, the mean gestational age of the eight multihandicapped infants (27.0 weeks) was significantly less than that of the remaining twenty infants (29.7 weeks) (STUDENT'S t Test: t = 3.754; .001 <P< .01; two-tailed significance level). The incidence of abnormal outcome in infants with birth weights below 1,000 grams was high (86%) regardless of grade of hemorrhage. Abnormal outcome for infants with birth weights greater than 1,000 grams appeared to be more directly related to the grade of hemorrhage than to birth weight. (Abnormal outcome in infants with birth weight greater than 1,000 grams: 0% (0/1) Grade I, 20% (2/10) Grade II, 50% (2/4) Grade III, 83% (5/6) Grade IV.) These trends could not be statistically correlated because of the small sample size.
Discussion
Although intraventricular hemorrhage is generally considered to be a major contributor to the neonatal morbidity and mortality of very low birth weight infants, its specific association with outcome in survivors is only sparcely documented in the literature [9, 10] . The single detailed report on early outcome related to grade of hemorrhage appearing in the literature to date is that of KRISHNAMOORTHY et al. [9] , who report a series of fifteen infants, eighty percent of whom had lesser degrees of hemorrhage (Grade I or II). The mean gestational age for the group was 32 weeks. Our study group, in contrast, is equally divided between those with sevQip hemorrhage (Grades III/IV) and those with less severe grades (Grades I/II) and has a lower mean gestational age (28.9 weeks). In the present study, infants with Grades I and II hemorrhage had significantly better early outcome than those with Grade III or IVhemorrhage,a finding consistent with that of KRISHNAMOORTHY. Our study indicates that poorest outcome (multihandicapped Status) is also related to extreme prematurity (gestational age < 27 weeks). Four clinical findings in this study are of special note. First, the outcome of infants with posthemorrhagic hydrocephalus appeared more directly related to gestational age and to initial grade of hemorrhage than to the presence or absence of hydrocephalus itself. Second, head growth diminished rapidly in three patients who had earlier shunted hydrocephalus, with the eventual development of microcephaly. Third, blindness secondary to cicatricial retinopathy of prematurity (ROP) occurred in 14% of our patients, a high incidence for low birth weight infants in general [11] . An association between cicatricial ROP and IVH has been suggested, which may account for the high incidence noted in this study [12] . Fourth, infantile spasms emerged during the follow-up period in three of our patients, a finding not previously reported in IVH survivors. Since each infant was of low birth weight and experienced significant perinatal asphyxia (factors previously considered predisposing to infantile spasms) [13] , a direct association between IVH and infantile spasms cannot be presumed. Although forty-six percent of the study group were categorized äs normal or suspect and did not demonstrate statte abnormalities when last evaluated, they will remain at risk for perceptualmotor deficits, motor clumsiness, and disorders of attention, learning/language, and behavior [14] [15] [16] [17] [18] . It is possible that these disorders, which reportedly have a high incidence in premature infants, may in part be residua related to the occurrence or secondary effects of earlier intraventricular hemorrhage. Only the long-term follow-up of survivors can clarify this point.
Summary
This article reports the follow-up findings in ·28 pre-term infants who survived symptomatic neonatal intraventricular hemorrhage and were cared foi in the Neonatal Intensive Gare Unit of Texas Children's Hospital, Houston. The severity of hemorrhage noted on CT scan was graded using the system of PAPILE, et al. [2] . The mean gestational age for the group was 28.9 weeks (ränge 25 to 35 weeks) and mean birth weight was 1,179 grams (ränge 700 to 1,930 grams). Seventeen infants were male and eleven were female. Paternal social class (HOLLINGSHEAD's classification) was distributed äs follows: 27% class II, 31% class III, and 42% class IV. Follow-up consisted of neurologic examination and multidisciplinary developmental assessment. The outcome categorizations (normal, suspect, abnormal) were based on both neurologic and developmental functioning. A child considered "normal" had a normal neurologic examination and developmental function within the normal ränge for corrected age. The term "multihandicapped" indicated both significant developmental delay and abnormal neurologic findings. At a mean age of 19.7 months, five infants were considered normal (18%), eight suspect (28%), and fifteen abnormal (54%). (Tab. II). Eight abnormal infants were multihandicapped. Cerebral palsy was noted in nine infants (32%). (Tab. I). Post-hemorrhagic hydrocephalus was noted in eight; seven required shunting. Three infants with shunts later demonstrated microcephaly. (Fig. 1) . Three developed infantile spasms. Neurosensory deficits included blindness (secondary to cicatricial retinopathy of prematurity) in four infants and Hearing loss in two. At least one-third of the study group will require special education by age three years. Two significant findings emerged in this study. First, the incidence of abnormal outcome was higher among infants with Grades HI and IV hemorrhage (79%) than among infants with Grades I or II hemorrhage (29%) (.OK P < .025). Second, the mean gestational age of the eight multihandicapped infants (27.0 weeks) was significantly below that of the remaining twenty infants (29.7 weeks) (.001 < P < .01). Although forty-six percent of the study group did not have static abnormalities when evaluated, they remain at risk for disorders of language, learning and behavior. Longterm follow-up of these infants is planned to determine if these disorders may, in part, be related to the occurrence or secondary effects of earlier intraventricular hemorrhage.
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